The cytotoxic effect of poly(rI), poly(rC) for interferon-treated cells is preceded by discrete ultrastructural alterations in (I) the mitochondria: swelling of the cristae and increased density of their matrix, (z) the nucleus: disorganization of the structure, and (3) the endoplasmic reticulum: slight dilatation with disorganization and depletion of the filament bundles.
Several natural and synthetic double-stranded RNA (ds-RNA) molecules, including poly(rI).poly(rC), induce lysis of interferon-pre-treated L cells, but not of control ceils (Stewart et al. ~972; Stewart, De Clercq & De Somer, 1973 ). An exaggerated disintegration was also reported for interferon-treated L cells following infection with vaccinia virus (Joklik & Merigan, I966; Horak, Jungwirth & Bodo, I97I; Stewart et al. I973) .
The mechanism underlying the increased susceptibility of interferon-treated cells to the cytotoxic influence of poly(rI), poly(rC) is at present not known. Concomitantly with this increased toxic reaction, the cells also produce more interferon in response to poly(rI), poly-(rC) than cells not pre-treated with interferon (priming effect; Stewart et al. I972) . It has been shown that the kinetics of development and the metabolic requirements of priming and cytotoxic enhancement may be different (De Clercq & De Somer, I975) .
Until now this cytotoxic effect of ds-RNA has been documented only after light-microscopic observation and has been described as lysis of cells and their detachment from the culture substrate. We thought that ultrastructural analysis of the events preceding and accompanying the toxic manifestations could help determine the nature and site of the primary effect of poly(rI), poly(rC) or interferon on the cells.
Mouse L-929 cells (Flow Laboratories, Irvine, Scotland) were seeded at Io 6 cells/plate in 6o mm plastic Petri dishes in Eagle's minimal essential medium supplemented with Io foetal bovine serum. Mouse interferon was prepared on NDV-infected L-929 cells as described by Billiau, Sobis & De Somer (I973) . The interferon used in the present study contained iO s reference units]ml. Interferon treatment consisted of incubating nearconfluent monolayers overnight (I6 h) with 2ml of medium containing IOO reference units/ml. Poly(rI).poly(rC) was prepared as described by Billiau, Van den Berghe & De Somer 0972). The individual homopolymers were purchased from P-L Biochemicals Inc., Milwaukee, Wisconsin. After interferon treatment, the cell cultures were washed three times with serum-free medium and exposed for I h to Io/zg of poly(rI), poly(rC) in I ml of serum-free medium. Cultures were then washed and further incubated for I, 2, 3"5 and 6 h with 2 mI of serum-free medium. Medium was decanted and the ceils were fixed on the Petri dishes with 3 ~ glutaraldehyde buffered with o.I M-sodium cacodylate (pH 7"4) for 2 h at 4 °C. The cells were then washed for 2 h with the buffer solution supplemented with
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Short communications 7"5 % sucrose. Post-fixation was done for 30 min at 4 °C with 1% osmium tetroxide in o.I M-sodium cacodylate buffer. After fixation, the cells were stained overnight in a 2 % aqueous solution of uranyl acetate, dehydrated in successive solutions with increased ethanol concentrations and embedded in Epon 8 I2 by inverting capsules filled with resin on to the Petri dishes. After polymerization at 5o °C for 48 h the plastic was removed from the capsules. Ultrathin sections were cut on a Reichert ultramicrotome (OMU3), contrasted with lead citrate and examined with a Hitachi HU-I IA electron microscope. The ultrastructure of ceils treated only with interferon or with poly(rI), poly(rC) did not differ to any detectable extent from control cells. On the contrary, discrete alterations were seen in cells pre-treated with interferon and subsequently exposed to poly(rI).poly(rC). Whereas under our conditions, the first signs of toxicity were seen by light microscopy only at 6 h after removal of poly(rI), poly(rC), ultrastructural alterations could be seen already after 3"5 h. They were especially prominent in the mitochondria and the nuclei, and less pronounced in the endoplasmic reticulum and filament bundles.
While the overall number, size and shape of the mitochondria remained unaffected, their internal structure was changed (Fig. I a, b) . Parallel arrangement of the cristae was disturbed, the intracristal spaces were dilated at irregular intervals, and the density of the matrix was increased.
The nuclei of normal L cells had regular contours and contained dense aggregates of chromatin, partly associated with the membrane, partly scattered throughout the nuclear body (Fig. I c) . Initial changes in the nuclei of treated cells consisted of multiple large invaginations and projections of the nuclear membrane (Fig. I d) . Dense aggregates were mostly absent from these deformed nuclei. Moreover, the nuclear content showed multiple clear zones absent in normal cells, suggesting incipient lysis of nuclear components.
At this early stage of cell alteration, the cisternae of the endoplasmic reticulum were enlarged when compared to control cells. Filament bundles were sparse and showed a crisscross pattern rather than a parallel organisation (Fig. I c, d) .
In a later stage the affected cells showed progressive depletion of nuclear and cytoplasmic material. The nuclear membranes, however, remained intact and resumed a regular surface. Finally, the cells contained virtually empty nuclei and sparse cytoplasmic organelles and vacuoles with digested cytoplasmic structures (Fig. 2) . This stage was interpreted as cell lysis.
Under the conditions of our experiments, the consecutive ultrastructural alterations did not occur in a synchronous fashion throughout the cell cultures. At early times (3"5 h) most of the cells were morphologically intact, some showed early changes, but a few already had evolved to the lytic stage. At late times (6 h) a large fraction showed lysis, but all earlier stages, including intact cells could still be seen.
The early changes in the structure of nuclei and mitochondria suggest that the primary site of action of poly(rI), poly(rC) in interferon-pre-treated cells, may be localised in one or both of these organelles. Our data do not prove that either organelles are the primary site of action of interferon or poly(rI), poly(rC), but they suggest that their functional state would be worth investigating. Mitochondrial involvement in the cellular response to poly(rI).poly(rC) has been suggested earlier by Myers & Friedman (1970, on the basis of the insensitivity of poly(rI), poly(rC)-induced production of interferon. Alternatively, the observed structural alterations might be secondary to a metabolic event taking place outside these organelles. Mitochondrial changes similar to those which occur after combined interferon and poly(rI), poly(rC) treatment have also been described in osteosarcoma cells treated with corticosteroids (Singh, Tsang & Ludwig, I974) . Inhibition of respiration and 
